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Abstract 


Chronic venous insufficiency manifested as varicose veins in the lower limbs results from hypertension of the superficial 
venous system, caused by incompetent valves in the saphenous veins. The treatment consists in the elimination of these 
diseased superficial veins. Classically, the treatment is performed by ligature of the saphenous-femoral junction (SFJ) and 
"stripping" of the abnormal saphenous vein segments, being a major surgical procedure, with a very painful 
postoperative period, little tolerated by patients, with poor aesthetic results and high frequency of recurrence. The 
technological development has led to the appearance of new minimally invasive treatments such as intravenous thermal 
radiofrequency ablation and laser. Radiofrequency intravenous ablation (RFA) is a relatively new, safe, effective and 
efficient technique that can be easily performed by interventional radiologists. A catheter is used that has an electrode 
that releases high frequency radiofrequency energy, producing non-thrombotic venous occlusion. The postoperative 
period is very well tolerated by patients and the complications are minimal. The aim of this manuscript is to present the 


current state of the art and our experience in the use of RFA for the treatment of venous insufficiency. 
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Abbreviations: SFJ: Saphenous Femoral Junction; women and 10-15% of men [1]. These are caused by 

RFA: Radiofrequency Intravenous Ablation. venous hypertension that is frequently produced by 

incompetent valves in the saphenous veins that condition 

Introduction the appearance of reverse flow in these superficial veins. 

This is why the treatment is aimed at eliminating the 

Varicose veins in the lower limbs are the most reverse flow in these veins [2]. In Colombia, the less 

common vascular disease in humans, affecting 20-25% of invasive therapeutic tools that can be offered to patients 
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with this disease are not well standardized. This article 
aims to describe the endovascular treatment by 
radiofrequency guided by ultrasound and to discuss the 
experience of the authors in the use of this therapeutic 
technique. A systematic search was carried out with the 
following terms MeSH and Boolean operators (("Catheter 
Ablation" [Majr]) AND "Venous Insufficiency" [Mesh]) OR 
"Varicose Ulcer" [Mesh], selecting the items with the 
greatest rigor in the scale epidemiological. The 
information and images of patients were evaluated and 
accepted in the scientific technical committee with the 
consent of the patients. 


Ecographic Anatomy 


The venous drainage of the lower extremities is 
divided into three systems: 

a. The superficial venous system: It is located in the 
superficial compartment above the muscular fascia and 
drains the cutaneous microcirculation. 

b. The deep venous system: It runs inside the muscular 
fascia and is responsible for draining the muscles of the 
lower extremities. 

c. The perforating veins that penetrate the muscular 
fascia and connect the superficial and deep veins. 


The superficial compartment is composed _ of 
subcutaneous tissue that contains the greater saphenous 
vein and its tributaries. The saphenous fascia is the 
portion of the membranous layer of the subcutaneous 
cellular tissue that is found on the saphenous veins and is 
thinner than the muscular fascia. All the fascias are 
visualizable by ultrasound and their appearance is 
eminently hyperechogenic. The two fascial layers form a 
closed space called saphenous compartment which 
contains the saphenous veins accompanied by arteries 
and nerves [3,4]. This compartment is easily identified in 
ultrasound and colloquially it has been called "Egyptian 
Eye" or "Ultrasonic sign of the eye". 


The deep compartment corresponds to the venous 
structures that are inside the fascia and the ventral side of 
the muscles in both the thigh and the leg formed by the 
large veins that are accompanied by the main arteries of 
the lower limbs and called venous lakes in the depth of 
the calf muscles. 


Superficial Venous System 


The superficial venous system includes the reticular 
veins and the major and minor saphenous veins, as well 
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as its main tributaries. The reticular system is a network 
of veins parallel to the surface of the skin that are located 
between the saphenous vein and the dermis, draining the 
skin of the lower extremity and the subcutaneous cellular 
tissue [5]. Direct communication between incompetent 
reticular veins and veins of the deep system through 
perforators has been reported in 60% of patients with 
extensive telangiectasias of the thigh [5]. 


The greater saphenous vein arises from the medial 
aspect of the dorsal venous arch of the foot and ascends 
anterior to the medial malleolus advancing on the inner 
side of the leg and thigh until perforating the deep fascia 
and joining the common femoral vein 3 or 4 cm below the 
inguinal ligament [3]. The greater saphenous vein has a 
terminal valve 1 to 2 cm distal to the saphenofemoral 
junction in 94 to 100% of cases. The saphenous nerve is 
anterior to the greater saphenous vein in the calf and may 
be injured in procedures that extend to this region. 


As an anatomical variant of importance, the 
duplication of the greater saphenous vein should be 
mentioned, in which the division of the vein can be seen in 
two channels, both within the fascial compartment, 
reanastomosed more distally. It occurs in the thigh in 8% 
of cases and in the leg in up to 25% of cases [6]. The 
accessory and tributary branches of the greater 
saphenous vein are important in the pathophysiology of 
chronic venous disease. Usually they are two main ones in 
the calf: an anterior branch (anterior arch of the leg) and 
a posterior one (Leonardo's vein - posterior arch of the 
leg). In the thigh it is the accessory anterior and posterior 
veins that ascend parallel to the Saphenous Vein Major 
outside the saphenous fascia [7,8]. 


The small saphenous vein originates from the dorsal 
arch of the foot, ascends posterolaterally behind the 
external malleolus in a variable termination in the 
popliteal vein. It usually has 7 to 10 closely spaced valves. 
The sural nerve ascends immediately lateral to the vein 
and usually passes below the muscular fascia before its 
termination [3,6-9]. The termination of the minor 
saphenous vein can often vary, extending to different 
heights of the thigh. Similarly, a cranial extension of the 
lesser saphenous vein that has been called the Giacomini 
vein or intersaphene vein is seen with some regularity 
and is ascertained by the appearance posteromedial of 
the thigh paying tribute to the greater saphenous vein 
(Scheme). 
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Anterior accesory 
saphenous v. 


Posterior accesory saphenous v. 


B. Major Saphenous v 
(MS). 


Femoral vein 


A. Saphenofemoral junction 
(S.F.U.). Femoral vein (FV). 
Deep femoral artery (DFA). 
Femoral Artery (FA). 


Popliteal v. 


C. Minor Saphenous v 
(MIS). Egyptian eye. 


Scheme made by Dr. William Prada. 
Scheme: Venous anatomy of the superficial and deep system of the lower limb. 


Radio Frequency Equipment 


It requires radiofrequency generator equipment (high 
frequency equipment, bipolar to supply radiofrequency 
energy in a controlled manner and a bipolar catheter.) 
Our experience is based on the use of the CLOSURE FAST 
™ catheter (Covidien, Mansfield, Massachusetts, USA) This 
catheter has a distal therapeutic segment of 7 cm (for use 
in the Great Saphenous Vein) and 3 cm (for use in the 
Small Saphenous Vein) that has a thermo dome that takes 
the temperature inside the vessel, assuring the 
maintenance of the same between 95 and 120 degrees 
Celsius, using the minimum necessary power (between 15 
and 40 W). By means of a feedback system that connects 
the catheter temperature sensor with the power 
generating equipment [10]. 


Mechanism of Action 


The radiofrequency is a type of electromagnetic 
energy, (non ionizing), is composed of electric and 
magnetic waves that when they come into contact with 
the tissue cause vibration and friction of their atoms 
producing thermal energy (resistive or ohmic heat). The 
increase in temperature generated by the RF (between 95 
and 120°C) causes a series of changes in the vein 
structure treated between those that are the endothelial 
destruction, denaturation and contraction of the collagen 
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fibers, thickening of the venous wall with reduction of the 
light of the glass. Thus, the therapeutic objective is to 
induce fibrotic occlusion of the treated vein and its 
subsequent disappearance due to atrophy. (Fibrotic vein 
occlusion - non-thrombotic) [11,12]. It is important to 
avoid very high temperatures, which could cause boiling, 
vaporization and carbonization of the tissues, as happens 
with the endolaser, which generates temperature peaks 
between 700 and 1500 oC [11,12]. Today it is accepted 
that surgical dissection in the groin, performed in the 
conventional __ procedure, is a stimulus for 
neovascularization. In RFA by avoiding such dissection, 
there is no stimulus for revascularization, potentially 
reducing the recurrence of varicose veins [2]. 


Technical Aspects 


This is a procedure completely guided by color 
Doppler ultrasound, does not require sedation and can be 
performed in an ambulatory environment. Access to the 
greater saphenous vein is performed with puncture below 
the knee using Seldinger's percutaneous technique with a 
micro-puncture device (Figure 1). A short vascular 
introducer (No. 7Fr) is then placed through which the 
catheter is advanced by sonographic guidance proximally 
and is located 2 cm below the sapheno-femoral junction 
(Figure 2) [13]. 
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Figure 1: Initial puncture of the greater saphenous 
vein with ultrasound guidance. 


L 


Figure 2: Vascular introducer 7F in the greater 
saphenous vein and radiofrequency catheter ready to 
advance. 


Tumescent local anesthesia (ultrasound-guided 
injection of "Klein's solution": mixture of lidocaine, 
adrenaline, bicarbonate and physiological saline), which 
is injected into the saphenous compartment, is used to 
analgesize, protect the skin and neighboring tissues 
against heat, and promote venous collapse [1]. Both lower 
limbs can be treated in the same "surgical act" and the 
recovery time is short. To obtain successful results 
requires a complete understanding of the disease, an 
exquisite handling of the technique of color Doppler 
ultrasound and also a good knowledge of the anatomy of 
the superficial venous system. Treatment for RFA has 
been successfully performed in the greater saphenous 
vein, the small saphenous vein and the Giacomini vein, 
and recently in incompetent perforators [13,14]. 
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Postprocediment Management 


a. Ambulation starts immediately and must be done for 
the rest of the day. 

b. Large periods of immobilization should be avoided 
after the radiofrequency procedure to minimize the 
risk of venous stasis that could increase the risk of 
thrombus formation. 

c. Control with color Doppler ultrasound at three days, a 
week and a month after the procedure. 


Efficacy of Radio Frequency 


As of 1990 there are scientific works that demonstrate 
that the RFA is a safe and effective method to abolish the 
reflux of the saphenous vein [15], as described by 
Merchant RF, et al. in which complete improvement of 
saphenous vein insufficiency is reported greater with RFA 
(between 90 and 100%) of the cases, making follow-ups 
between three months and four years [14,16]. RFA equals 
conventional surgery in efficacy but it is also clearly 
superior in terms of less postoperative pain, better quality 
of life and faster recovery [17,18]. Likewise, it is a safe 
and effective procedure for the treatment of varicose 
veins; it is associated with high rates of success and 
satisfaction on the part of patients [19,20]. A systematic 
review published in 2018 by Poder TG, et al. reports that 
although the level of evidence currently regarding the 
effectiveness of RFA is with observational studies, the 
efficacy is comparable to open surgery and laser therapy, 
exposing lower degree of complications and shorter 
hospital stay [15]. 


Compared with laser ablation, the results show that 
despite having good long-term results, it presents a 
higher risk of skin burns because the temperatures 
reached by the probe during treatment are much higher 
than those achieved with radiofrequency, generating even 
more postoperative pain. On the other hand, sub-treated 
venous segments can be found that recanalize in a short 
time and frequent lesions of nerves adjacent to the veins 
that condition paresthesias, dysesthesias and anesthesia 
[21]. There is less data regarding the minor saphenous 
vein but the results are quantitatively similar [8]. 


Complications 


The majority of adverse events generated after the 
radiofrequency procedure are minor. Among which are 
the following: 


. Ecchymosis. They are usually frequent and take 7 to 14 


days to disappear. 
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b. After the procedure and for about 3 weeks there is 


thickening sensation along the vein treated, this is due to 
the inflammation process and spontaneously improves 
with the administration of non-steroidal anti- 
inflammatory and medium compression stockings. 

. Surface phlebitis of varicose tributaries. It is another rare 
collateral effect and is reported in 5% of cases [16]. Its 
management is conservative with non-steroidal anti- 
inflammatories and medium compression stockings, as 
well as ambulation. 

Burn: Complication derived from any type of thermal 
ablation. It is avoided by performing adequate tumescent 
anesthesia isolating the vein to be treated for fascia, 
muscle planes and subcutaneous cellular tissue. 

Others: Paresthesia in 3.2% and Skin pigmentation in 2%. 
. When veins recanalize after RFA, this happens in the first 
12 months and it is suggested that recanalization may be 
related to insufficient energy release during treatment 
[22]. 


Our Experience 


From March 2013 to February 2019, we performed in 
120 patients, 250 procedures (114 larger saphenous 
veins without ulcer, 9 greater saphenous veins with ulcer, 
and 29 minor saphenous veins without ulcer with 
satisfactory results) (Figures 3 & 4). The procedure has 
improved with the experience over the years, from 4 
hours of the first procedures to about one hour today. The 
remission of the disease in our experience is very high 
and the complication rate is very low, from the post 
operative pain that improves with oral analgesia, even 
small bruises in the first days that resolve completely a 
week. In the experience with patients with profound 
venous system insufficiency, the results are less effective, 
due to the persistent reverse flow from the deep to the 
superficial system. In general, the effectiveness of the 
treatment is really high and the physiological and 
cosmetic results are very good (Figure 5). 


. ' 
t a 


3a: First evaluation, 3b: Immediate pretoperative, 3c: Postoperative day 7, 3d: Postoperative day 60. 
Figure 3: Results of radiofrequency treatment. 


4a 


4a: Preoperative, 4b: Postoperative month 12 
Figure 4: Results of radiofrequency treatment without ulcers. 
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5a: Preoperative, 5b: Postoperative. 
Figure 5: Results of radiofrequency treatment. 


Conclusion 


The introduction of minimally invasive intravenous 
procedures in the last decade has stimulated interest in 
venous diseases. Today RFA is a highly safe and effective 
technique for the management of varicose veins since it is 
associated with a high rate of success and a high degree of 
satisfaction on the part of patients [23]. It has 
demonstrated its superiority over conventional surgery 
with a higher level of scientific evidence [17]. Additionally, 
it is less painful and offers a better quality of life than the 
endolaser [10]. In our country, it is still a therapeutic 
alternative with little use. But nevertheless; our 
experience shows excellent results with a very low rate of 
complications that can contribute to the change in the 
therapeutic approach of patients with venous 
insufficiency. 
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